ABSTRACT. Cucurbita maxima is one of the most widely cultivated vegetables in China and exhibits distinct morphological characteristics. In this study, genetic linkage analysis with 57 simple-sequence repeats, 21 amplified fragment length polymorphisms, 3 random-amplified polymorphic DNA, and one morphological marker revealed 20 genetic linkage groups of C. maxima covering a genetic distance of 991.5 cM with an average of 12.1 cM between adjacent markers. Genetic linkage analysis identified the simple-sequence repeat marker 'PU078072' 5.9 cM away from the locus 'Rc', which controls rind color. The genetic map in the present study will be useful for better mapping, tagging, and cloning of quantitative trait loci/gene(s) affecting economically important traits and for breeding new varieties of C. maxima through marker-assisted selection.
INTRODUCTION
The genus Cucurbita is composed of several important cultivated species. Three of these species, Cucurbita moschata, C. pepo, and C. maxima, are economically important crops worldwide (Robinson and Decker-Walters, 1997) . C. maxima is thought to have originated in the Republic of Bolivia, southern Peru, and northern Argentina in South America (Whitaker and Davies, 1962; Esquinas-Alcazar and Gulick, 1983; Sanjur et al., 2002) .
In recent decades, several genetic maps of the genus Cucurbita have been constructed with different parental species, including a map that used interspecific crosses between C. ecuadorensis and C. maxima (Weeden and Robinson, 1986) , 2 maps using interspecific crosses between C. moschata and C. pepo (Lee et al., 1995; Brown and Myers, 2002) , 4 intraspecific crosses of C. pepo (Zraidi et al., 2007; Gong et al., 2008a; Esteras et al., 2012) , and 1 intraspecific cross of C. moschata (Gong et al., 2008b) , but no maps of an intraspecific cross of C. maxima have been published for the economically important genus Cucurbita (C. moschata, C. maxima, and C. pepo).
The published genetic maps of the genus Cucurbita have used different kinds of markers, mapping populations crossed from different parental species, to contribute to identifying quantitative trait loci for fruit shape and the depth of indentations between primary leaf veins (Brown and Myers, 2002) and 10 quantitative traits (Esteras et al., 2012) . Moreover, these published genetic maps also helped in locating the loci controlling qualitative traits for turning yellow before anthesis, silver mottling of leaves, and the intensity of rind color (Brown and Myers, 2002) , silver mottling of leaves, naked seeds, and bush growth habit (Zraidi et al., 2007) , naked seeds and bush growth habit (Gong et al., 2008a) , naked seeds and green rind (Gong et al., 2008b) , and 12 qualitative traits such as vine, immature fruit, and mature fruit (Esteras et al., 2012) . However, there are no published molecular genetic studies for orange and gray rind colors.
The objective of the present study was to construct a genetic linkage map of C. maxima using random-amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), simple-sequence repeats (SSRs), and 1 phenotypic marker to locate the locus controlling rind color. The map of C. maxima can be used in further studies for identifying the loci controlling qualitative and quantitative traits.
MATERIAL AND METHODS
The 201 F 2 mapping population was derived by crossing 2 diverse C. maxima lines '98-2-351' and '06820-1' from the College of Horticulture, Northeast Agricultural University. The maternal parent (98-2-351) was an inbred line with a gray rind. The paternal parent (06820-1) was an inbred line with an orange rind (Figure 1 ). The seedlings were cultivated in each row with a distance of 0.5 m between seedlings in the experimental field of Northeast Agriculture University in China. Cultivation management was in accordance with standardized agronomic procedures.
Rind color (orange and gray) as a qualitative trait was controlled by 1 gene and orange rind was dominant to gray rind (Li, 2014) . Rind color (orange and gray) were measured visually relative to the mature fruits of the mapping population, F 1 , and 2 parental lines.
A total of 1386 SSR primer pairs with the prefix "CMTm" and "PU" (Gong et al., 2008a ; http://www.icugi.org/), 256 AFLP EcoRI and MseI primer combinations (Li, 2014) , and 50 RAPD primer pairs with the prefix "S" (Li, 2014) were screened for polymorphisms between the parental lines '98-2-351' and '06820-1'. DNA extraction was conducted according to the modified sodium dodecyl sulfate procedure (Ge et al., 2011) . Polymerase chain reaction amplification, separation, and observation of samples were conducted as described previously (Ge et al., 2012; Li, 2014) . The JoinMap version 3.0 software (Stam, 1993; Van Ooijen and Voorrips, 2001 ) was used to construct the linkage map with logarithm (base 10) of odds scores of 4.0-6.0 (Kosambi, 1994 ). Mendelian segregation was tested using the chi-squared test performed under the "Locus Genotypic Frequency" command. The markers were sorted based on the chi-squared test at a P value of <0.05. Mapchart 2.1 was used for constructing the maps (Voorrips, 2002) .
RESULTS
Of the 1692 primer pairs (including 1386 SSRs, 256 AFLPs, and 50 RAPDs) screened for polymorphisms between the parental lines '98-2-351' and '06820-1', only 57 SSRs, 21 AFLPs, and 3 RAPDs were found to be polymorphic. A total of 82 polymorphic markers, containing 81 molecular markers and 1 phenotypic marker, were grouped into the 10 linkage groups (LGs) of C. maxima with 4.0-6.0 for logarithm (base 10) of odds values. The total length of the genetic map was 991.5 cM and the average distance between adjacent markers was 12.1 cM (Table 1 and Figure 2) . The 20 LGs of C. maxima varied in map length, the number of markers, and marker density (Table 1). LG length varied from 20.4 cM in LG5 to 123.2 cM in LG6. The number of markers in the 20 LGs ranged from 2 in LG17, LG18, LG19, and LG20 to 11 in LG1. Two SSR markers, 'PU078072' and 'PU013839', were found to be tightly linked to the locus Rc at a distance of 5.9 and 14.5 cM in LG5, respectively (Figure 2 ).
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DISCUSSION
All published genetic map populations for the genus Cucurbita were F 2 or BC 1 population and the number of LGs in all published genetic maps of the genus Cucurbita ranged from 5-28 (Weeden and Robinson, 1986; Lee et al., 1995; Brown and Myers, 2002; Zraidi et al., 2007; Gong et al., 2008a,b; Esteras et al., 2012) . The haploid chromosome number of genus Cucurbita is 20, but only the LG number of 2 maps was in accordance with the haploid chromosome number among all published genetic maps (Gong et al., 2008a,b) . In the present study, the number of LGs on the genetic map was 20, which aligned the LG with the corresponding chromosome when the 'anchor' markers were further developed and integrated into the present map. This may facilitate the genes or loci controlling economically important traits to be located in the corresponding chromosome.
The length of the newly developed genetic map of 82 markers, including 57 SSRs, 21 AFLPs, 3 RAPDs, and 1 phenotypic marker, was 991.5 cM, which was shorter than the maps described by Brown and Myers (2002) , Zraidi et al. (2007) , Gong et al. (2008a,b) , and Esteras et al. (2012) , where map lengths were 1445-2234 cM. The observation of different genetic map lengths in several studies contributed to the type and number of markers, different mapping populations, individual numbers, software, and scoring errors used for analyses. However, the addition of markers, particularly 'anchor' markers, is important for improving the map of C. maxima developed in the present study.
